Parasitologists have long studied helminth infections in wildlife species and have documented the existence of many organisms from a diversity of mammalian hosts. With this accumulation of information has come improved understanding of the significance of these organisms and the diseases they produce in their mammalian hosts. Some of the most notable examples include the metastrongyloid lungworms, Trichinella spiralis, and Elaeophora schneideri, which are covered separately in this volume. It is, however, for the group of parasites referred to as gastrointestinal nematodes that we have accumulated the most data. Only recently has progress been made in determining the significance of these strongylate nematodes with respect to their potential impact on the morbidity and mortality of the ruminants that they infect.
The accumulation of information on diseases of wild animals into a single combined volume has been slow, but progress has coincided with the proliferation of data for host and parasite interactions. Numerous references including Alaskan Wildlife Diseases (Dieterich 1981) , Manual of Common Wildlife Diseases in Colorado (Adrian 1981) , Field Manual of Wildlife Diseases in the Southeastern United States (Davidson and Nettles 1988) , Zoo and Wildlife Medicine (Fowler 1993) , and the previous editions of Parasitic Diseases of Wild Mammals (Davis and Anderson 1971) have all made significant contributions to our knowledge. Beyond North America, Dunn (1969) and Govorka et al. (1988) provided excellent compilations on the helminths in wild ruminants. In the 1971 printing of Parasitic Diseases of Mammals, however, there was no general coverage of gastrointestinal nematodes, and only T. spiralis was addressed. Herein, we present the first synoptic review of the strongylate nematodes that occur in the gastrointestinal system of wild ruminants from North America.
Context for Assessing the Nematode Fauna. Strongylate nematodes are among the most characteristic parasites of the gastrointestinal system of ruminants throughout the world. A substantial literature encompassing systematics, ecology, and pathology has developed over the past century, particularly with reference to those species of direct veterinary importance that infect domestic bovids (e.g., Levine 1980; Hoberg and Lichtenfels 1994; Lichtenfels et al. 1997) . Although there is recognition of the potential influence of gastrointestinal nematodes on morbidity and mortality in sylvatic bovids and cervids, typically there have been only superficial assessments of these parasites within the context of wildlife management (e.g., Chapman and Feldhamer 1982) .
Substantial research has been conducted on the systematics, diagnosis, and impact of gastrointestinal nematodes, but significant problems remain to be resolved. These include (1) standardization of methods for survey including sampling and necropsy of hosts; (2) uniformity in collection and preservation of nematode specimens; (3) consistency in parasite taxonomy; (4) adoption of a populational approach to studies of wildlife disease; and (5) application of a modem context for systematics, biodiversity assessment, and biogeography (Brooks and Hoberg 2000) .
Although the procedures necessary for collection, identification, and enumeration of gastrointestinal nematodes in wild ruminants are often tedious and time consuming, they provide critical data for understanding epizootiology and the patterns of disease (see Eve and Kellogg 1977; Jordan and Stair 1983) . It is necessary to document the significance of the parasite present and to carefully record the clinical signs that are observed. In keeping with a broader or population-based approach, it is also critical to derive information not associated with epizootics or mortality events. A standardized nomenclature for quantitative descriptors of parasite populations is encouraged (e.g., Bush et al. 1997) .
Issues dealing with identification of eggs, freeliving infective larvae, and early-stage parasitic larvae to the level of genus and species are of continuing importance (Lichtenfels et al. 1997) . Lack of such reliable information represents a primary gap in our abilities to develop sound and predictive epizootiological models for the circulation of parasites in sylvatic host populations.
Consequently, the development of "epizootiological probes" derived from molecular biology and systematics will substantially influence our abilities to monitor the contemporary geographic range, patterns of transmission, and host distribution. The sensitivity and specificity of molecular markers applied to the identification of larvae and eggs could reduce reliance on current methods of parasite diagnosis that are dependent upon collection and necropsy of hosts and identification of adult helminths. Elimination of collecting has particular significance when linked to requisite studies of the influences of parasitism on morbidity, mortality, and population dynamics of endangered species. Such would represent a novel approach to simultaneously assess parasitism in wild ruminants across large geographic regions. Species-specific markers, for instance those that can be derived from the ITS region of genomic DNA [e.g., Christiansen et al. (l994a, b) for some trichostrongylids and Campbell et al. (1995) for some strongyles], are the primary requirement for development and realization of this methodology. This will provide an unprecedented application of molecular systematics and diagnostics, and for the first time make it feasible to develop a synoptic understanding of the scope of parasitism in populations of free-ranging sylvatic bovids and cervids.
Only recently have the theoretical and empirical implications of parasitism in wildlife and sylvatic ruminants, exclusive of direct mortality, been examined in greater detail (e.g., Grenfell 1988 Grenfell , 1992 Gulland 1992; Arneberg et al. 1996; Folstad et al. 1996) . Through this body of research we have begun to recognize the often subtle influence of parasites and the feedback linkages between hosts, parasites, and habitat stability. They have also emphasized the importance of assessing the impacts of parasitic diseases at the level of host population within a rigorous theoretical framework (Gulland 1995; Grenfell and Gulland 1995; Hudson and Dobson 1995; Shaw and Dobson 1995) . These areas of research are beyond the typical realm of investigating disease at the level of individual hosts. They are, however, an integral component in the development of an understanding of epizootiology, and the potential for density-dependent impacts on host demographics (Grenfell and Gulland 1995) .
Biodiversity assessment and biogeographic analysis are important basic components to studies in parasitology and wildlife disease (Hoberg 1997; Brooks and Hoberg 2000) . The nematode faunas in ruminants from North America and their relationships to those in Eurasia (see Govorka et al. 1988) are only now becoming adequately defined. Concepts developed from historical studies in the arctic and boreal zones can be applied directly to elucidating the evolution of nematode faunas among ruminants. We are only now beginning to unravel the anthropogenic and natural influences on diversification and distribution of this fauna (e.g., Hoberg et al. 1999) . The origins and history of the North American fauna are complex, but must be elucidated in order to understand the distributional patterns for parasites and the potential for disease.
The contemporary strongylate fauna is a mosaic of archaic and introduced elements. Endemic (archaic) strongyles were influenced by historical movements of bovids and cervids across the Beringian nexus linking Eurasia and North America beginning 10-20 million years ago and extending into the Pliocene and Pleistocene. Secondarily, with the introduction of domestic stock starting in the fifteenth century and continuing today, numerous additional species associated with bovids were introduced and became established in North America. The interaction between archaic and introduced faunas and the subsequent potential for exchange of strongyles between domestic and sylvatic hosts have in large part been determined by these historical and contemporary events. Thus, to understand the current strongylate fauna and its distribution in North American ruminants, it is necessary to recognize the context of biogeography and the historical constraints on the distribution of these host-parasite assemblages across the Holarctic Hoberg 1997) . It is becoming apparent that a number of cryptic species representing this archaic fauna and currently unrecognized by science may be parasites in sylvatic hosts (Lichtenfels and Pilitt 1989; Lichtenfels et al. 1997; Hoberg et al. 1999) . Both components of this fauna, however, have implications for management practices in North America and serve to reemphasize the importance of translocation of hosts on the distribution of parasites (see Hoberg 1997) .
Recent studies among the ostertagiines, or medium stomach worms, and other nematodes have continued to identify the role of translocation of hosts and the introduction of parasites as factors determining the continental and international distribution of some pathogens (e.g., Thornton et al. 1973a,b; Rickard et al. 1993; Van Baren et al. 1996; Hoberg 1997) . Studies of this type further emphasize the importance of systematics and taxonomy in providing a predictive framework for identification, documentation, and subsequently, surveillance (Brooks and Hoberg 2000) . Incomplete documentation of the biodiversity of this fauna, including geographic range, host distribution, and the number of species involved (cryptic species), hampers the development of control measures to limit the impact of potentially pathogenic species of strongyles and other parasites. Accurate survey and inventory of the North American fauna is critical with respect to recognizing the potential emergence of pathogens and the interactions between parasite faunas circulating in domestic and sylvatic hosts.
Many of the changes that wildlife managers and parasitologists are now experiencing are related to overabundance of some bovids or cervids. Increased contact between domestic and sylvatic animals as well as the proliferation of game ranching and the farming of wild animals emphasize the importance of assessing wildlife diseases. Anthropogenically driven global change, particularly habitat alteration and the concomitant impact on the distribution of hosts, also highlights the significance of wildlife disease research, including parasitology, related to endangered species and conservation biology.
The trichostrongyloid nematodes are dominant in terms of taxonomic, genealogical, and numerical diversity (e.g., Durette-Desset 1985; Hoberg and Lichtenfels 1994) and, consequently, are among the most significant as recognized or potential pathogens. Higher-level systematics for the Ancylostomatoidea and Strongyloidea is consistent with Lichtenfels (1980a,b) and disregards a recent proposal to elevate these and other related strongyles to the rank of suborder (DuretteDesset and Chabaud 1993) . Systematics for the Trichostrongyloidea is consistent, in part, with that proposed by Durette-Desset (1983) , with modifications related to the Trichostrongylidae based on Hoberg and Lichtenfels (1992, 1994) . Phylogenetic relationships among the trichostrongylids and taxonomy within the family remain to be resolved, although current hypotheses share a high degree of similarity (Hoberg and Lictenfels 1994; Durette-Desset et al. 1999) .
The following treatment presents a comprehensive view of the North American fauna including current knowledge for gastrointestinal strongyles in (1) ). Ancillary information is outlined on the occurrence of helminths in (I) introduced cervids (axis deer, Axis axis; red deer, Cervus elaphus elaphus; sambar, C. unicolor; fallow deer, C. dama; Pere David's deer, Elaphurus davidianus; and sika deer, C. nippon), (2) exotic bovids (addax, Addax nasomaculatus; blackbuck, Antilope cervicapra; sable antelope, Hippotragus niger; and gemsbok, Oryx beLm), and (3) camelids (Llama glama), pertinent to game ranching and maintenance of free-ranging herds (Tables 8.13 and 8.14) . This provides the context for elucidating the occurrence of strongylate nematodes in wild and domestic bovids and the linkages within this assemblage of parasites and hosts.
Among wild ruminants in North America, 54 species of strongyles in 16 genera have been reported (Table 8 .1); 21 in the abomasum, 28 in the small intestine, and 6 in the large intestine; some species occur in both the abomasum and the small intestine. This total does not include nematodes identified only at the level of family or genus reported in some studies. Additionally, not included among these, but discussed below, are a number of species and genera so far only associated with domestic or exotic hosts and several which could potentially be introduced from the Palearctic, Eurasia, and Africa (Tables 8.13 and 8.14). The relatively few species limited in occurrence solely to sheep or cattle are not addressed.
GASTROINTESTINAL STRONGYLES IN NORTH AMERICAN RUMINANTS
Genus Monodontus Molin, 1861 Classification: Ancylostomatoidea:
Ancylostomatidae: Bunostominae. Common Name: Hookworm of deer. Chitwood and Jordan, 1965 .
Monodontus louisianensis
Monodontus louisianensis is a typical, but relatively uncommon parasite of the small intestine in O. virginianus across the southern United States (Prestwood and Pursglove 1981; Forrester 1992) . It is the only hookworm known from sylvatic cervids or bovids in North America. The life cycle is currently unknown, but likely involves direct cutaneous penetration of the definitive host by third-stage larvae (L,'s), similar to those documented for other hookworms (Prestwood and Pursglove 1981) . Prevalence and intensity in white-tailed deer from Florida are 20%-100% and 1-13 worms per host (Forrester 1992) . Disease associated with this nematode has seldom been documented in white-tailed deer and may be associated with weather conditions that concentrate deer in damp, fecal-contaminated areas that are conducive to transmission. Clinical signs would be expected to parallel those described for hookworm disease and anemia typical of other ruminants but are unlikely to be observed due to the low numbers of parasites usually present in parasitized hosts (Prestwood and Pursglove 1981) . Becklund (1964) and Rickard and Bishop (1991) . bMinor morphotypes for polymorphic species of ostertagiines are not listed. "I. Bergstrom (l975a). 2. Boddicker and Hugghins (1969) . 3. Ourette-Oesset and Samuel (1989) . 4. Lichtenfels and Pilitt (l983b). 5. Lichtenfels and Pilitt (l983a). 6. Lucker and Oikmans (1945) . 7. Worley and Sharman (1966) . 8. Lichtenfels and Pilitt (1991) .9. Unpublished records, U.S. National Parasite Collection. 10. Allen (1962). 11. Hailey et al. (1966) . 12. Burtner and Becklund (1971) .13. Bergstrom (I 975b). 14. Gilmore and Allen (1960) .15. Shaw (1947) .16. Goldsby and Eveleth (1954) .
bWestern United States.
'The distribution of T. circumcincta and associated minor morphotypes requires confirmation based on molecular analyses (Hoberg et al. 1999) . "Specimens identitied as Nematodirella longissimespiculata by Boddicker and Hugghins (1969) , were redetermined as N. antilocaprae by Lichtenfels and Pilitt (I 983b).
'Unidentified "cylicostomes" collected by R. Bergstrom from Sweetwater County, WY.
Chabertia ovina (Fabricius, 1794 Large bowel worms are considered rare or incidental parasites of wild bovids and cervids and have only been reported from Odocoileus spp., Ovis canadensis, and B. bison. It is probable that these parasites are acquired on common range with domesticated hosts including cattle and sheep. The life cycle is direct. Disease is unknown in wild hosts, possibly due to the low intensity and sporadic nature of infections. At high intensity, these blood-feeding parasites would be expected to cause severe diarrhea, loss of weight and condition, and the development of anemia (Levine 1980 Cameron (1923 Cameron ( , 1924 . 2. Chapin (1925) . 3. Cram (1925) . 4. Dikmans (1939) . 5. Locker (1953) . 6. Becklund and Walker (1967b) . 7. Boddicker and Hugghins (1969) .8. Bergstrom and Kass (1982) .9. Lichtenfels and PiIIitt (1991) . 10. Van Vuren and Scott (1995) . II. C. A. Nielsen, unpublished data. 12. Unpublished records, U.S. National Parasite Collection. 13. Burtner and Becklund (1971) . 14. Card (1993) .15. Zaugg et a1. (1993) .
bBoddicker and Hugghins (1969) reported O. trifurcata in bison. The minor morphotype associated with O. bisonis is considered to be O. kazakhstanica according to Lichtenfels and Pilitt (199 I) . Reexamination of USNPC 59388 showed the specimen reported by Boddicker and Hugghins to be incorrectly identified, and it is tentatively referred to O. kazakhstanica, a new North American record for this ostertagiine. Dr6zdz (1995) , however, has indicated that the minor morphotype associated with O. bisonis in North America may be undescribed. Becklund (1965) . 2. Boddicker et a1. (1971 ). 3. Brandborg (1955 ). 4. Cowan (1951 . 5. Dikmans (1942) . 6. Kerr and Holmes (1966) . 7. Lichtenfels and Pilitt (l983b). 8. Lichtenfels and Pilitt (l983a) . 9. Durette-Desset and Samuel (1992) . 10. Lichtenfels and Pilitt (1989) . II. Unpublished records, U.S. National Parasite Collection. 12. Boddicker and Hugghins (1969) . 13. Samuel et aI. (1977) .
bSpecimens from O. americanus in Alberta, Alaska, Washington, and Wyoming may represent a distinct species of Marshallagia (see Lichtenfels and Pilitt 1989) .
'Specimens of T circumcincta and associated minor morphotypes should be confirmed based on analysis of morphometric and molecular date (see Hoberg et a1. 1999) . 19 3-8, 10, 11, 14, 15, 17, 18,20,22,27,29, 32, 33 20 29 3,4, 14,29,32 6,14,19,33 1,16 3,4,6, 11,20,29,32 20 14,29 29 29 3, 11, 14,31 3 33 9 11,32 9 3,20,21,26 3,20,23,26,30,32 6,23 3,24,26,29 20,26,29 28 14, 20 3, 16,23 2,3,11,16,20,23 4,5,12, 13, 14,20,22,24,25,29 32 1,12,13,14 "1. Allen (1955) . 2. Allen and Kennedy (1952) .3. Becklund and Senger (1967) .4. Blood (1963) . 5. Couey (1950) . 6. Cowan (1951 ).7. Oikmans (1932 ).8. Oikmans (1942 . 9. Ourette-Oesset and Samuel (1989) .10. Honess and Scott (1942) . II. Honess and Winter (1956) .12. Johnson (1974) .13. Johnson (1975) .14. Kistner et al. (1977) .15. Marsh (1938) .16. Pilmore (1961) .17. Quortrup and Sudheimer (1944) . 18. Rush (1932 ). 19. Spencer (1943 .20. Uhazy and Holmes (1971) . 21. Rickard and Lichtenfels (1989) . 22. Boddicker and Hugghins (1969) . 23. Lichtenfels and Pilitt (1983a). 24. McCullough and Schneegas (1966) . 25. Capelle (1966) . 26. Bergstrom and Kass (1982) .27. Bergstrom (1975a) . 28. Becklund and Walker (1967a) . 29. Unpublished records, U.S. National Parasite Collection. 30. Becklund (1966) . 31. Burtner and Becklund (1971) . 32. Hoar et al. (1996) . 33. Worley and Seesee (1992) .
bOr6zdz (1995) considers that some Marshallagia in O. canadensis represent an undescribed species. "Some specimens identified as T. circumcincta may represent an undescribed cryptic species; specimens of T. circumcincta require confirmation based on morphometric and molecular data (see Hoberg et a1. 1999) .
'Specimens identified as N. archari may be referrable to N. andersoni [see Ourette-Oesset and Samuel (1989) , Rickard and Lichtenfels (1989) ].
'Specimens of N. lanceolatus from North America are considered synonyms of N. oiratianus interruptus by Lichtenfels and Pilitt (1983a) . Nielsen and Neiland (1974) . 2. Lichtenfels and Pilitt (1983a) . 3. Durette-Desset and Samuel (1989) . 4. Unpublished records, U.S. National Parasite Collection. 5. Rickard and Lichtenfels (1989) .
bNematodes apparently only reported from Ovis dalli dalli and not from O. d. stonei. 'Specimens identified as T. circumcincta require confirmation based on molecular analyses and may represent an undescribed species (Hoberg et al. 1999) .
"Specimens referred to as N. longispiculata by Nielsen and Neiland (1974) . 'Specimens referred to N. archari may actually represent N. andersoni (see Durette-Desset and Samuel 1989; Rickard and Lichtenfels 1989) . Dikmans (1939) . 2. Gibbs and Tener (1958) .3. Bos (1967) . 4. Samuel and Gray (1974) . 5. Lichtenfels and Pilitt (1983b) . 6. Webster and Rowell (1980) . 7. E. Hoberg, S. Kutz, and J. Nishi, unpublished data from Victoria Island and Cox Lake and Rae River, near Kugluktuk, NU. 8. C. A. Nielsen, unpublished data from Barter Island; specimens in introduced population of whitefaced musk ox, Ovibos moschatus wardi translocated from East Greenland in 1935 to Nunivak Island and subsequently to the Arctic coastal plain in 1969 (see Hoberg et al. 1999) . 9. Lichtenfels and Pilitt (1989) . 10. Unpublished records, U.S. National Parasite Collection. II. Hoberg et al. 1999. blncluding barrenground musk ox, Ovibos moschatus moschatus, and white-faced musk ox, O. m. wardi. 'See Alendal and Helle (1983) for a review of records from captive herds; also see MacDonald et al. (1976) . 'Specimens collected from Victoria Island and the mainland on the Rae and Richardson Rivers, near Kugluktuk, NU, represent a recently described cryptic species (Hoberg et al. 1999) . Teladorsagia boreoarcticus is represented by two male morphotypes, designated respectively as T. boreoarcticus forma major and T. boreoarcticus f. minor. Previous records of T. circumcincta from Arctic Canada, and those from other wild bovids across the Holarctic require confirmation (Hoberg et al. 1999) .
'Specimens reported as Nematodirella longi.lpiculata by Samuel and Gray (1974) were redetermined as N. gazelli by Lichtenfels and Pilitt (l983b); records by Gibbs and Tener (1958) may represent this species.
'Specimens from Nunivak Island, Alaska, examined by c.A. Neilsen (unpublished) and identified as N. longispiculata, may represent this species (see Lichtenfels and Pilitt 1983b) .
'There is continuing disagreement over the validity of N. skrjabini, with some authorities reducing it as a synonym of N. tarandi. hNU = Nunavut, Canada, a former region of the eastern Northwest Territories. 1-7,9, 10 11 11 5 3 6 '1. Lichtenfels and Pilitt (1983b) . 2. Samuel et al. (1976) . 3. Stock and Barrett (1983) .4. Cowan (1951) . 5. c.A. Nielsen, unpublished data. 6. Anderson and Lankester (1974). 7. Threlfall (1969) . 8. Unpublished records, U.S. National Parasite Collection. 9. Fruetel and Lankester (1988) . 10. Hoeve et al. (1988) . 11. Unpublished records, U.S. National Parasite Collection. 12. Loken et al. (1965) . bIt is apparent that N. alcidis represents the correct name for the species that occurs most commonly in moose across North America; N. alcidis is a species established for N. longispiculata alcidis Dikmans, 1935 . Specimens reported as N. longispiculata by Cowan (1951) and Samuel et al. (1976) were redetermined as N. alcidis by Lichtenfels and Pilitt (1983b) . Andersen and Lankester (1974) summarized reports of N. longispiculata from moose across North America. 1,7 '1. Boddicker and Hugghins (1969) . 2. Stock and Barrett (1983) .3. Van Baren et al. (1996) . 4. Lichtenfels and Pilitt (1983b) . 5. . 6. Bergstrom (1975a) . 7. Unpublished records, U.S. National Parasite Collection. 8. Wilson (1969) . 9. Worley (1979) . 10. Thorne et al. (2001) .
bSpecimens reported as N. longissimespiculata by Boddicker and Hugghins (1969) were redetermined as N. antilocaprae by Lichtenfels and Pilitt (1983b) . Hoberg et aI. (1993b) . 4. Worley and Eustace (1972) . 5. Bergstrom (l975a). 6. Stubblefield et aI. (1987) . 7. Longhurst and Douglas (1953) .8. Worley and Sharman (1966) . 9. Gray et aI. (1978) . 10. Allen and Erling (1964) . II. Becklund and Walker (1967a) . 12. Becklund and Walker (1967b) . 13. Jensen et aI. (1982) . 14. Unpublished records, U.S. National Parasite Collection. IS. Lichtenfels and Pilitt (1983b) . bRecords of T. circumcincta require confirmation (Hoberg et aI. 1999) .
acutum Molin, 1861; O. infiatum var. ovis Carita, 1887; O. vigentimembrum Canavan, 1931.] Four species of nodular worms are known from the large intestine in wild bovids or cervids from North America. Oesophagostomum venulosum and O. cervi are the most commonly occurring species reported in cervids; O. columbianum and O. radiatum have rarely been reported from wild ruminants. Wild cervids, particularly elk and deer, are the probable source of O. venulosum reported in cattle from the western United States (e.g., Baker and Fisk 1986; . Wild cervids and bovids, however, are unlikely to be important in the epizootiology of other species, which circulate primarily among domestic hosts.
Diagnosis is based on the examination of adult nematodes. Important characters include the structure of the leaf crowns, relative degree of development of the cephalic vesicle, placement of the cervical papillae, and specific attributes of the copulatory bursa and spicules (e.g., Levine 1980) . Adult nodular worms reside in the lumen of the large intestine, and larvae are found in walls of the small and large intestine, where development of typical nodules may occur. The life cycle for species of Oesophagostomum is direct and with respect to free-living larval stages is largely identical to those documented for other strongyloid nematodes (e.g., Levine 1980) ; L,'s are infective. In contrast to other strongyles, fourthstage larvae develop within nodules in the small and large intestine, and near 17-22 days postinfection, they migrate back to the large intestine for the final molt; the prepatent period is 32-42 days.
Disease attributable to O. venulosum or other species has not been documented for infections in wild ruminants (e.g., Prestwood and Pursglove 1981) . This may reflect generally moderate levels of prevalence and low intensity as documented in deer from Florida (27%-60%; 1-9 per host) (Forrester 1992) . Oesophagostomiosis in domestic hosts, however, is associated with inflammation and the development of characteristic nodules in the intestinal wall. Severe infections in cattle are typified by edema of the intestinal wall, anorexia, weight loss, and diarrhea. Pathogenesis is linked to the level of exposure, with 20,000-250,000 larvae being required to elicit clinical signs (Levine 1980) . Consequently, in the relatively sporadic and low intensity infections in deer and other wild ruminants (e.g., Prestwood and Pursglove 1981; Forrester 1992) , the probability of significant disease is rare. [3] [4] [5] 7, 9, 12, 13, 15, 16, 19, 7, 16, 5, [7] [8] [9] 13, IS, 16, 21 1, 4, 5, 12, 14, 15, 20 I '1. Walker and Becklund (1970) . 2. Hoberg et al. (l993b) . 3. ). 4. Forrester (1992 .5. ; Prestwood and Pursglove (1981) . 6. Doster and Friend (1971) . 7. Davidson et al. (1985) . 8. Richardson and Demarais (1992) .9. Davidson and Crow (1983) .10. Foreyt and Trainer (1970) . II. Stubblefied et al. (1987) .12. Waid et al. (1985) .13. Cook et al. (1979) . 14. Conti and Howerth (1987) . 15. Xiao and Gibbs (1991) . 16. Belem et al. (1993) . 17. . 18. Lichtenfels et al. (1994) . 19. Strohlein et al. (1988) . 20. Heuer et al. (1975) . 21. Foreyt and Samuel (1979) . bRecords of N. filicollis from deer may represent N. odocoilei (see Becklund and Walker J967a) . 'Records of Eucyathostomum longisubulatum are included under E. webbi, consistent with observation by . dOesophagostumum cervi may represent a synonym of O. venulosum (see Baker and Pursglove, 1976) , possibly refuting Payne et al. (1967) who provided justification for the validity of the former species. Bergerud (1971) .3. Cowan (1951) . 4. Low (1976) . 5. Hout and Beaulieau (1984) . 6. Jean et al. (1982) .7. E. P. Hoberg, J. Nishi, and S. Kutz unpublished records, near Kugluktuk, NU. 8. c.A. Nielsen, unpublished records. 9 . Unpublished records, U.S. National Parasite Collection. 10. Hadwen (1922) in introduced reindeer. II. Lichtenfels and Pilitt (1983b) . 12. Lichtenfels et al. (1990) . 13. Becklund (1962) . 14. Hoberg et al. (1999) . 15. Choquette et al. (1957) , in introduced reindeer. 16. Hadwen and Palmer (1922) Hoberg et al. 1993b; Lichtenfels et al. 1990) .
'Specimens of Teladorsagia in barrenground caribou from the central Canadian arctic appear referable to T. boreoarcticus. 'The identity of specimens in caribou and reindeer from North America and across the Holarctic requires reevaluation (Hoberg et al. 1999) . gNU =Nunavut, Canada, a former region of the eastern Northwest Territories. Rickard et al. (1993) . 2. Davidson et al. (1985) . 3. Doster and Friend (1971) . 4. Phillips et al. (1974) . 5. Brugh (1971) . 6. Davidson et al. (1987) . 7. Davidson and Crow (1983) .8. Richardson and Demarais (1992) . 9. McKenzie and Davidson (1989 (Sarwar, 1956 )-India, S. America; bovids '1. Craig (1993) . 2. Thornton et al. (l973a, 1973b) . 3. Rickard and Bishop (1991 (Ransom, 1907) . [Synonym: C.
nicoli Baylis, 1929 .] Cooperia spatulata (Baylis, 1938) . Cooperia surnabada (Antipin, 1931) . [Synonym: C.
mcmasteri Gordon, 1932.] Species of Cooperia are well defined morphologically and can be identified based on the structure of the spicules and copulatory bursa in males and by the synlophe (the system of cuticular ridges characteristic of most trichostrongylids) in males and females (Lichtenfels 1977; Gibbons and Khalil 1982; Durette-Desset 1983) . There are six species known from North America, although there is compelling evidence based on biochemical and nucleotide data that C. surnabada is a morphological form of C. oncophora (see Isenstein 1971; Humbert and Cabaret 1995) .
Consistent with other trichostrongylids, the life cycle is direct; adults reside in the small intestine. The prepatent period may be 17-22 days (Levine 1980) . Species are primarily parasites of sheep and cattle, but are relatively minor parasites in sylvatic bovids and cervids. All species known from domesticated hosts have been found in wild ruminants, the most commonly reported being C. oncophoro. Particularly in sylvatic bovids, species of Cooperia are usually found in association with other trichostrongyles acquired on common range with cattle or sheep. Most records show that intensity and prevalence are minimal in wild hosts, and these nematodes are unlikely to occur at levels considered pathogenic. In contrast, heavy infections in calves may lead to serious disease Travassos, 1914. [Synonym: H. bubalis Chauhan and Pande, 1968.] nants throughout the world. Among the ten currently valid species, three have been documented in wild bovids or cervids from North America; all are typical parasites of either domestic sheep or cattle (see Lichtenfels et al. 1994) . Considering these, H. contortus has been widely reported from both bovid and cervid hosts across the boreal and southern regions of North America (Levine 1980; Prestwood and Pursglove 1981; Forrester 1992) ; records of H. placei and H. similis apparently are rare. Nematodes of this genus are characterized by a prominent buccal tooth, well-developed synlophe, and copulatory bursa in the male. Identification to species, until recently somewhat equivocal, is now based on structural characteristics of adult worms, particularly the configuration of the synlophe in the cervical region of males and females, the length of the spicules in males [see Lichtenfels et al. (1994) for review], and differences in the ITS region of rDNA (Zarlenga et al. 1994) . This has eliminated the controversy over the validity of H. placei, which has often been listed as a synonym of H. contortus (e.g., Gibbons 1979) . A potential problem is now evident, however, with respect to records of H. contortus and H. placei from wild hosts in the United States and Canada. Prior to the studies by Lichtenfels et al. (1994) it was not possible to unambiguously distinguish between H. placei and H. contortus based on morphological characters. Thus, although the latter is the most commonly reported species in deer, bison, pronghorn, bighorn sheep, and exotic cervids, the records must be considered suspect and may not reflect accurate identifications. Additionally, the contention that Haemonchus represents an "actively evolving" group in the sense presented by Das and Whitlock (1960) and Prestwood and Pursglove (1981) is no longer supportable. This concept for H. contortus had been based on the premise of a number of diagnosable subspecies (Das and Whitlock 1960) defined by morphological characters that have since been found to be influenced by broad intraspecific variation (Gibbons 1979) .
The life cycle for species of Haemonchus is direct, with blood-feeding adults producing eggs that are shed in the feces. Infective L 3 's develop in -3 days under optimum conditions. Following ingestion by the ruminant host, development to the fourth stage is completed in -48 hours. Larvae, situated at the surface of the Jordan and Stair (1983) . mucosa, feed on blood and complete development to the adult stage; the prepatent period is -18-21 days (Levine 1980 (Prestwood and Pursglove 1981) . Species of Haemonchus are not known from the subarctic and arctic regions, a pattern similar to that known for Cooperia spp.
Data for prevalence and intensity of Haemonchus suggest that among wild ruminants these are relatively uncommon parasites except in deer and pronghorn. Haemonchus contortus was the most commonly occurring nematode reported by Boddicker and Hugghins (1969) in A. americana examined in South Dakota (68% of 60 animals). With respect to other recorded hosts, prevalence and intensity have been relatively minimal except in Odocoileus spp., and in deer appear to vary geographically. The highest levels of infection by H. contortus in white-tailed deer have been observed in the sandy, coastal plain localities of the southeastern United States (Prestwood and Pursglove 1981) . In this region prevalence approached 100%, and the maximum intensity documented exceeded 4300 worms Prestwood and Pursglove 1981) . Forrester (1992) summarized records from Florida, where overall prevalence in fawns was near 100% (with up to 10,545 worms) and in adults near 80% (maximum 2083 worms). Morbidity and direct mortality in deer, particularly fawns, has been attributed to infections ranging from over 1000 nematodes to a maximum of 16,540, the former possibly synergistic with malnutrition and the presence of other parasites (Prestwood and Kellogg 1971; Davidson et al. 1980; Forrester 1992) .
Based on reports from white-tailed deer, species of Haemonchus must be considered as recognized and potential primary pathogens in wild ruminants (Davidson et al. 1980; Prestwood and Pursglove 1981; Forrester 1992) . Boddicker and Hugghins (1969) reported hemorrhagic lesions when H. contortus, along with other trichostrongyles, were present in large numbers in pronghorn. In deer, and presumably other wild ruminants, haemonchosis is associated with severe blood loss (Foreyt and Trainer 1970) . Typical clinical signs include stunting and emaciation, pale mucous membranes, and "bottle jaw" with the accumulation of fluid in the submandibular region. Internally, tissues and organs are pale, and ascitic fluid is commonly found in the body cavity. The mucosa of the abomasum is reddened, ulcerated, and eroded, and large numbers of nematodes may be visible (Prestwood and Pursglove 1981) .
Although clearly pathogenic, diagnosis is problematic as the clinical signs of infection may develop prior to patency, and the eggs of Haemonchus cannot be reliably distinguished from those of related trichostrongylids using traditional methods (Georgi and McCulloch 1989; Sommer 1996) . Clinical signs, particularly anemia, in conjunction with animals originating in areas where Haemonchus may be enzootic, continue to be among the most useful criteria for diagnosis (Prestwood and Pursglove 1981) . With the advent of molecular markers for Haemonchus and other genera of trichostrongylids, it should now be possible to unequivocally identify eggs in feces (Zarlenga et al. 1994; Lichtenfels et al. 1997) , thus replacing the laborious task of distinguishing among L;s recovered from fecal cultures. As outlined above, adult males and females of the three species known from North America can now be reliably identified based on morphological and molecular criteria .
Currently, control and treatment remain problematic. An array of efficacious anthelmintics, including benzimidazoles and avermectins, with significant activity against adults and larvae of Haemonchus and other trichostrongyles are available; however, few have "label approval" for applications in wild bovids or cervids (e.g., "Safe-Guard" a formulation of fenbendazole released by Hoechst-Roussel is listed for use in zoo and wild animals as a broad spectrum nematocide). Accordingly, effective dosages, routes of administration, potential toxicity, side effects, and predictable efficacies generally have not been determined for most wild ruminants. The difficulties are compounded by the problems of attempting anthelmintic therapy in freeranging ruminants (Prestwood and Pursglove 1981) , which indeed may only be practical when dealing with confined or endangered species. The use of anthelmintics in game animals is further complicated by the "withdrawal" periods that would be required for some compounds. Management practices that limit competition with other ruminants and overpopulation on areas used for foraging appear to be most appropriate to control and limit the impact of haemonchosis (Prestwood and Pursglove 1981) .
Genus Pseudostertagia Orloff, 1933 Classification: Trichostrongyloidea:
Trichostrongylidae: Libyostrongylinae. Pseudostertagia bullosa (Ransom and Hall, 1912) .
[Synonyms: Ostertagia bullosa Ransom and Hall, 1912; Ostertagia (Pseudostertagia) bullosa Orloff, 1933.] Originally described in the genus Ostertagia, this nematode was later transferred to the Libyostrongy1i-nae and is currently the only member of the subfamily known as a typical parasite in ruminants from North America (Durette-Desset and Chabaud 1977) . Unlike most members of the Libyostrongylinae, the synlophe is well developed (Durette-Desset 1983) . Pseudostertagia bullosa was originally described from domestic sheep in Colorado (Ransom and Hall 1912) . This is primarily a parasite of the abomasum in A. americana from western North America and is seldom observed in O. hemionus and O. canadensis. There have been subsequent records from domestic sheep in this region, but none from cattle (Becklund 1964) . It has been suggested that the occurrence of this nematode in domestic stock is dependent on the presence of pronghorn (Lucker and Dikmans 1945) . Morbidity and mortality in wild or domestic ruminants has not been observed.
Genus Obeliscoides Graybill, 1924 Classification: Trichostrongyloidea:
Trichostrongylidae: Libyostrongylinae. Oheliscoides cuniculi (Graybill, 1923) . [Synonym:
Oheliscus cuniculi Graybill 1923.] Lagomorphs, particularly Lepus spp. and Sylvilagus spp., are the characteristic hosts for O. cuniculi in North America. There are only two reports of this species in the abomasum of white-tailed deer, and as a consequence this is considered an atypical parasite in white-tailed deer (Maples and Jordan 1966; Prestwood and Pursglove 1981) . It was also found in O. canadensis transported from Colorado to North Dakota (unpublished records, U.S. National Parasite Collection).
Subfamily Ostertagiinae Classification: Trichostrongyloidea:
Trichostrongylidae. Common Name: Medium stomach worms.
The ostertagiines, or medium stomach worms, are among the most pathogenic of the strongyles known from ruminants (Levine 1980) . In North America and across the Holarctic region, nematodes of this subfamily parasitize both cervids and bovids and represent a dominant component of the abomasal nematode fauna (Dr6zdz 1965 (Dr6zdz , 1966 Govorka et al. 1988; . Taxonomy and systematics among the ostertagiine nematodes have been particularly confused and are still open to resolution with respect to nomenclature and relationships at the generic and species level (e.g., Dr6zdz 1965 Dr6zdz , 1995 Gibbons and Khalil 1982; Durette-Desset 1982 , 1983 Hoberg et al. 1993a,b; Hoberg 1996) . A considerable divergence in opinion exists over the number of genera in the Ostertagiinae. Gibbons and Khalil (1982) recognized 17 genera, Durette-Desset (1982 , 1983 ) included 5 or 6 genera, Jansen (1989) proposed 7 genera, and most recently Dr6zdz (1995) presented arguments for inclusion of 9 genera in the subfamily. The diversity of opinions for generic level taxonomy relates in part to rejection or acceptance of the hypothesis for polymorphism among male nematodes in this group Lichtenfels et al. 1997 ). Lack of resolution over the generic-level taxonomy and systematics is not a trivial issue as it directly impacts our abilities to formulate any comprehensive understanding of parasite-host biology.
A key in addressing the generic limits within the ostertagiine subfamily is recognition of polymorphism, arguably the most important concept related to taxonomy in this group over the past 20 years (Dr6zdz 1974; Daskalov 1974; Lancaster and Hong 1981; Lancaster et al. 1983 ). The polymorphism hypothesis was based on the following observations: (1) pairs of male morphotypes consistently occur together, with one constituting a "major" proportion and the other a "minor" proportion of the combined population; and (2) consistent structural differences allow recognition of each of the morphological types. In the past this led to the recognition of separate genera and species for major and minor morphotypes (e.g., Dr6zdz 1965; Gibbons and Khalil 1982) . These are now regarded as a series of polymorphic species distributed among a reduced number of genera (Dr6zdz 1995) . The proposal for polymorphism has been corroborated based on morphological, biochemical, and molecular grounds (for review see Lichtenfels et al. 1997) . Consistent with the hypothesis for polymorphism in males, the number of valid genera probably will not exceed nine (see Dr6zdz 1995) , but definitive resolution is dependent on phylogenetic studies of this group now in progress (Hoberg et al. 1993a; Hoberg and Lichtenfels 1994) .
In North American ruminants, species of seven genera have been recognized. The endemic fauna in wild bovids and cervids includes species of Ostertagia (containing Orloffia in this review), Teladorsagia, Marshallagia, and Mazamastrongylus. Species of Spiculopteragia, Camelostrongylus, and Longistrongylus have been introduced coincidental with importation of exotic bovids and cervids from the Palearctic, SubSaharan Africa, and possibly South America (Tables  8.13 and 8.14) Lichtenfels et al. 1997) . Among these, polymorphism has been recognized in Ostertagia, Marshallagia, Teladorsagia, and Spiculopteragia, whereas it is considered to be absent in Mazamastrongylus, Camelostrongylus, and Longistrongylus (Dr6zdz 1995) . Keys for the identification of genera and species in North American ruminants are presented in Lichtenfels et al. (1988a,b) and . It should be noted that nomenclature for the genera and species of ostertagiines as proposed by Durette-Desset (1989) is inconsistent with the hypothesis for polymorphism (see Dr6zdz 1995) .
Medium stomach worms are characterized by a reduced buccal capsule and well-developed copulatory bursa in the male. The cervical papillae are prominent and thorn-like. The synlophe is composed of a large number of cuticular ridges that are perpendicular to the body surface; in the cervical region one of three patterns, consistent with either generic-or species-level groups can be recognized . The genital cone always has paired "0" papillae ventrally, and an accessory bursal membrane containing the paired "7" papillae dorsally. The lateral rays of the copulatory bursa are in a pattern of 2-1-2 or 2-2-1, considered characteristic for specific generic groups (Durette-Desset 1982 , 1983 .
Identification of medium stomach wonns is based on the structure of the bursa, genital cone, and spicules in males and on the dimensions of the esophageal valve and the configuration of the synlophe in males and females. Application of the synlophe has allowed accurate identification of females of most species for the first time (Lichtenfels et al. 1988a,b; Lancaster and Hong 1990) . The identification of infective and parasitic larval stages continues to remain problematic (e.g., Belem et al. 1993 ) but is vital for developing an understanding of epizootiological patterns such as arrested development. It continues to be difficult to reliably identify eggs of any ostertagiines other than Marshallagia, and diagnosis of infection is still linked to necropsy, recovery, and identification. Quantification is best achieved by the application of an aliquot method such as that outlined in Prestwood and Pursglove (1981) .
The life cycles for medium stomach worms found in sylvatic ruminants in North America are direct, but specific details of larval development and adult longevity are undetermined (for data from the Palearctic see Semenova and Korosteleva 1980; Semenova 1987; Govorka et al. 1988 ). Patterns of development of freeliving and parasitic stages should parallel those elucidated for congeners in domestic bovids (Levine 1963; Herd 1986 ). Adults reside in the abomasum, embryonated eggs are passed in feces, and the first through third larval stages are free-living. The infective third stage is ensheathed, and parasitic development and the prepatent period require between 2 and 3 weeks, depending on the species involved. The potential for arrested development in response to seasonal and perhaps other factors (e.g., parasite density or immune status of host) may substantially prolong development time in the definitive host (but see Halvorsen 1986 ). In these instances, early fourth-stage larvae are retained in the abomasal mucosa for extended periods of time prior to resuming maturation to the adult stage. Evidence for seasonally defined inhibition (e.g., a summer or winter pattern) in wild hosts has been limited primarily to data from deer, some being equivocal or problematic to interpret (Baker and Andersen 1975; Conti and Howerth 1987; Borgsteede 1988; Xiao and Gibbs 1991; . Also, life history patterns for species of Marshallagia, Ostertagia, and Teladorsagia in the Arctic may be adapted to high-latitude environments and, thus, differ from those observed in the mid-latitude boreal zones (Halvorsen and Bye 1999; Irvine et al. 2000) .
In general, specific morbidity and mortality has not been linked to the ostertagiines that parasitize wild ruminants. Data for prevalence and intensity of infection, however, have been difficult to document. It is probable that "subclinical" effects (e.g., alteration of foraging behavior, host physiology, and body weight) may be recognized that are similar to those documented for the influence of ostertagiines in domestic hosts. In particular, modification of food intake and body weight can be linked directly to prasitism by abomasal nematodes (e.g., Arneberg et al. 1996; Arneberg and Folstad 1999) . Clinical signs of ostertagiosis in cattle are characterized by anemia, emaciation, submandibular edema, and diarrhea. In such cases, in excess of 40,000 nematodes may be present in the abomasum, and a minimum of 10,000 is considered necessary for development of severe gastric disease (Tables  8.15 and 8.16) (Levine 1980) . In contrast, intensities of infection in Odocoileus spp. rarely exceed several hundred, with a maximum near 4000 for Ostertagia spp. (e.g., Prestwood and Pursglove 1981; Waid et al. 1985; Conti and Howerth 1987; Belem et al. 1993 ). Similar . low intensities occur in R. tarandus (hundreds to several thousand for Ostertagia and Teladorsagia) (e.g., Bye 1987; Arneberg et al. 1996) and other cervids and bovids. In sylvatic hosts, environmental factors may result in fewer parasites being required to produce disease than in domestic stock . A confounding factor in understanding the distribution and potential for disease is the paucity of epizootiological information on patterns of transmission and the occurrence of Type I and Type II ostertagiasis in wild hosts (e.g., Gibbs and Herd 1986; Conti and Howerth 1987; Connan 1991 Connan ,1996 .
Manifestations of ostertagiasis in deer have been associated with infections in excess of 1000 nematodes. In these instances, edema and pin-point ulcerations of the abomasal mucosa may be observed, which in heavier infections may coincide with nodular thickening of the abomasal mucosa (e.g., Conti and Howerth 1987) . Generally, lesions are not evident in hosts with lower numbers of ostertagiines (Prestwood and Pursglove 1981) .
Control of these and other nematodes in cervids has received some attention, particularly due to the commercial aspects of game ranching in New Zealand, North America, and the United Kingdom. Benzimidazoles and avennectins have been shown to be efficacious against ostertagiines and other gastrointestinal strongyles in red deer, and some recommendations for dosages have been outlined (e.g., MacKintosh et al. 1985; Kutzer 1987; Andrews and Lancaster 1988; Connan 1996) . Pharmicokinetics, however, remains poorly understood (e.g., Lancaster and Andrews 1991). As indicated above, for Haemonchus spp., application of anthelmintics continues to be problematic, and label approval is generally lacking for helminths in wild ruminants.
Specific aspects of the biology and host and geographic distribution of ostertagiines in North America are addressed below. It should be noted that most genera and species have somewhat specific distributions linked to either cervids or bovids; the occurrence of some ostertagiines is associated with importation of exotic ruminants.
Genus Marshallagia Orloff, 1933
Classification: Trichostrongyloidea:
Trichostrongylidae: Ostertagiinae. Marshallagia marshalli (Ransom, 1907) Pending resolution of the taxonomy for Marshallagia spp. in the Nearctic, M. marshalli has a broad host distribution in bovids and cervids extending from the northwestern regions into the Arctic. In Wyoming it was found to be a common parasite in bighorn sheep (67%-80% prevalence based on fecal examination and necropsy, respectively) and pronghorn (36%-47%), but rare or absent in moose, elk, and mule deer (Bergstrom 1975a ). In the Northwest Territories and Nunavut, Canada, it was found in muskoxen and caribou (Webster and Rowell 1980; E.P. Hoberg et a!., unpublished). It is considered a parasite more typical of wild sheep and bovids than of cervids. For example, it was suggested that the presence of M. marshalli in reindeer from Spitzbergen was the result of introduction of the parasite with muskoxen (Bye et a!. 1987) .
Adults of this species can be identified based on the structure of the copulatory bursa and spicules in males and by the synlophe in males and females (Lichtenfels and Pilitt 1989; . Eggs are recognizable in fecal examination by their large size (> 150 11m in length) and would potentially be confused only with those of Nematodirus spp. or Nematodirella spp. This is a nearly ubiquitous parasite of bighorn sheep, often with 100% prevalence at some localities (Becklund and Senger 1967; Uhazy and Holmes 1971; Kistner et a!. 1977) (Table 8.5); maximum reported intensity was near 1300 nematodes. Despite relatively high prevalence and intensity in some hosts, there are no specific reports of pathogenicity related to infections of Marshallagia in wild ruminants. In domestic sheep in Eurasia, however, marshallagiasis may result in significant disease (see Bye and Halvorsen 1983) . Marshallagia marshalli has been reported from sheep but not cattle in North America. Substantial prevalence (100%) and intensity (near 11,000) have been documented in reindeer from Svalbard, Norway, exceeding that reported from North American caribou (C.A. Nielsen, unpublished) . The intensity of infection may be sufficient to adversely influence host productivity and life expectancy (Bye and Halvorsen 1983 Hoberg and Khrustalev 1996) . Two species of Mazamastrongylus occur in Odocoileus virginianus from eastern North America ). The distribution of M. odocoilei coincides with that of white-tailed deer, whereas that of M. pursglovei is restricted to the southeastern United States, such that the two species have overlapping but distinct geographic ranges (Strohlein et a!. 1988; . Records from other cervid hosts are rare (fallow deer and wapiti) (Tables 8.9 and 8.13), and there are no reports of either species in domestic stock.
Morphologically, species of Mazamastrongylus have a characteristic tapering synlophe and club-shaped esophagus. They can only be confused with species of Spiculopteragia from which they are separated by the structure of the spicules Hoberg 1996) . Only two characters, spicule length and structure, are useful in distinguishing between males of M. pursglovei and M. odocoilei; females cannot be identified.
Mazamastrongylus spp. are the most commonly occurring parasites in white-tailed deer, with 20%-100% prevalence and a maximum of 10-9060 worms reported at specific localities (Davidson and Prestwood 1979; Prestwood and Pursglove 1981; Forrester 1992) ; mixed infections are not uncommon. There are no specific reports of pathogenicity associated with infections of either species. Dr6zdz, 1965 ) Classification: Trichostrongyloidea:
Genus Ostertagia Ransom, 1907 (including Orloffia
Trichostrongylidae: Ostertagiinae. Chapin, 1925/0. kazakhstanica (Dikov and Nekipelova, 1963 Kassimov, 1942; Grosspiculagia popovi (Kassimov, 1942 ) Jansen, 1958 Grosspiculagia kolchida (Popova, 1937 ) Jansen, 1958 Ostertagia (Grosspiculagia) lasensis Assadov, 1953; Grosspiculagia lasensis Asadov, 1953; Skrjabinagia lasensis (Asadov, 1953 ) Andreeva, 1957 Muflonagia podjapolskyi Shul'ts, Andreeva and Kadenazii, 1954; Skrjabinagia podjapolskyi (Shul'ts, Andreeva, and Kadenazii, 1954) Andreeva, 1957; Grosspiculagia podjapolskyi (Shul'ts, Andreeva, and Kadenazii, 1954); Jansen, 1958; Skrjabinagia kolchida (Popova, 1937) Andreeva, 1957.] Ostertagia mossi Dikmans, 193110.dikmansi Becklund and Walker, 1968 1926; Sjobergia lyrata (Sjoberg, 1926 ) Sarwar, 1956 Grosspiculagia lyrata (Sjoberg, 1926 ) Jansen, 1958 Skrjabinagia lyrata (Sjoberg, 1926; Andreeva, 1957; Ostertagia occidentalis Gebauer, 1932 nec. Ransom, 1907 Camelostrongylus lyratus (Sjoberg, 1926) Durette-Desset, 1989.] Species of Ostertagia are characteristic abomasal nematodes in ruminants throughout the world. The current cosmopolitan distribution for some species, particularly those in domestic stock, has been strongly influenced by translocation and introduction of hosts and parasites from Europe (Hoberg 1997) . In contrast, species endemic to either the Palearctic or the Nearctic generally have characteristic distributions associated either with bovids or cervids (Dr6zdz 1965; Govorka et al. 1988) . As noted earlier, there are five polymorphic species of Ostertagia recognized in wild ruminants from North America .
Ostertagia bisonis
Ostertagia bisonis circulates in pronghorn, bison, and mule deer across the northcentral plains into Canada. Morphologically, it is most similar to Teladorsagia circumcincta and O. ostertagi, but can be distinguished by the structure of the spicules, the copulatory bursa, and the dimensions of the esophageal valve (Becklund and Walker 1967b; Lichtenfels and Pilitt 1991) ; the minor male morphotype is O. kazakhstanica (see Lichtenfels and Pilitt 1991; Dr6zdz 1995) . This ostertagiine is referred to the genus Orloffia by Dr6zdz (1995) . It is not known to be pathogenic in wild ruminants but has been associated with significant clinical gastritis in cattle sharing common range with deer, pronghorn, and bison (Worley and Sharman 1966) . Contrary to Worley and Sharman (1966) , nematodes depicted in photomicrographs of tissue sections were mature adults rather than parasitic stages of larvae. This ostertagiine is known from cattle in Wyoming, Montana, and Colorado (Becklund 1964; Lichtenfels and Pilitt 1991) .
Ostertagia gruehneri is restricted in distribution to the high latitudes of the Northern Hemisphere, and is a typical abomasal nematode in caribou and muskox across the Holarctic (Bye and Halvorsen 1983; Bye et al. 1987; Fruetel and Lankester 1989) . Morphologically, O. gruehneri is most similar to o. leptospicularis and o. mossi, from which it can be distinguished based on the structure of the genital cone and spicules (Lichtenfels et al. 1990; Hoberg et al. 1993b; . Disease associated with infections of this species has not been observed. Irvine et al. (2000) , however, suggested that O. gruehneri may have a role as a determinant of population fluctuations or cycles for reindeer. There are no records of this ostertagiine from cattle, sheep, or other domesticated hosts.
Ostertagia leptospicularis and its minor morphotype, o. kolchida, are distributed across the western Palearctic and occur in cervids and bovids (e.g., Dr6zdz 1965) . Only recently has this species been reported in North America, with records being from cattle or caribou maintained in a captive herd (Rickard and Zimmerman 1986; Fruetel and Lankester 1989; Mulrooney et al. 1991) . Records from wild cervids in North America are limited to mule deer and elk, but the parasite is considered to have an historically broader geographic distribution, particularly in the western United States (Hoberg et al. 1993b; Van Baren et al. 1996) . The significance of o. leptospicularis is in its reported pathogenicity in cervids. It was implicated in winter mortality in red deer (Dunn 1983) , where there was an apparent shift in the abundance (dominance) of O. leptospicularis relative to species of Spiculoptera-gia. Additionally a concern is its potential for crosstransmission from cervids and its association with ostertagiosis in cattle in the United Kingdom and New Zealand (Borgsteede 1982; Hoberg et al. 1993b) . Ostertagia mossi and the associated minor morphotype, O. dikmansi, have a distribution restricted to eastern North America and have only been reported from white-tailed deer (Dikmans 1931; Becklund and Walker 1967b, 1968; Pursglove 1981, Forrester 1992; Hoberg et al. 1993b ); it appears to be absent in the southeastern United States. Morphologically, this species is difficult to distinguish from O. leptospicularis, but can be identified based on the structure of the genital cone and terminal processes of the spicules in males (Hoberg et al. 1993b ). Nematodes of this species are not considered to be pathogenic in the numbers typically encountered in white-tailed deer (prevalence to 70% and maximum of over 1000 nematodes at some localities) (Prestwood and Pursglove 1981; Forrester 1992) .
Ostertagia ostertagi and the associated minor morphotype, O. lyrata, are ubiquitous parasites of domestic stock, principally cattle, throughout the world (Levine 1980) . There are numerous records in wild ruminants in North America, and some reports have been linked to significant ostertagiosis (e.g., Conti and Howerth 1987) . Generally, however, this ostertagiine occurs at low levels of intensity in wild bovids and cervids and would be unlikely to cause disease (see Prestwood and Pursglove 1981 olus capreolus) are additional species of Spiculopteragia and other ostertagiines (e.g., Dr6zdz 1965 Dr6zdz , 1967 Kutzer and Hinaidy 1969; Govorka et al. 1988; Mason 1994) .
Species of Spiculopteragia are typical parasites in the abomasum of cervids in the Palearctic (Dr6zdz 1965 (Dr6zdz , 1966 (Dr6zdz , 1967 Govorka et al. 1988) . The occurrence of three species in North America can be attributed to introduction of cervids of exotic origin (Rickard et aI. 1993) . There are no records of S. asymmetrica from white-tailed deer on common range with fallow deer; S. spiculoptera has been reported once from white-tailed deer and from captive caribou (Tables 8.11, 8.13) . Spiculopteragia suppereri was found in Pere David's deer imported to Texas (T.M. Craig, unpublished) and is recognized as a host-specific parasite in this cervid (Dr6zdz 1998) . Disease conditions attributable to these species have not been observed in North America. Species of Spiculopteragia are generally restricted to cervid hosts, although records from Bos and Bison in Europe have been documented (Dr6zdz 1965 (Dr6zdz , 1966 (Dr6zdz , 1967 (Dr6zdz , 1995 Suarez and Cabaret 1991 Dr6zdz (1965) consider T. davtiani to be a synonym of T. trifurcata; Daskalov (1974) and Becklund and Walker (1971) consider them separate. Based on ITS-2 sequences from rDNA, T. circumcincta is trimorphic (Stevenson et al. 1996) .
Teladorsagia circumcincta and associated minor morphotypes now have a cosmopolitan distribution. This ostertagiine is a characteristic abomasal parasite in wild and domesticated bovids, and only occasionally is reported from cervid hosts in North America (Lichtenfels et al. 1988a,b; Hoberg et al. 1999) . In a recent hypothesis, E.P. Hoberg (in Lictenfels et al. 1997) suggested that forms designated as T. circumcincta from historically isolated populations of wild bovids may represent a complex of cryptic but distinct species. Such may be indicated by the exceptionally broad morphological variation documented for T. circumcincta and respective morphotypes in wild and domestic bovids across the Holarctic (e.g., Becklund and Walker 1971) . Supportive of this hypothesis, collections in muskox and caribou from the central Arctic of Canada revealed a cryptic polymorphic species which was described as Teladorsagia boreoarcticus by Hoberg et al. (1999) .
Discovery of T. boreoarcticus raises questions about the identity of nematodes reported as T. circumcincta (or associated morphotypes) in wild ruminants across the Holarctic and suggests a broader complex of sibling species in wild ruminants of the Nearctic (e.g., in Dall's sheep, bighorn sheep, mountain goats, pronghorn, and cervids) (Hoberg et al. 1999) . Detailed studies of nematodes reported as T. circumcincta in wild bovids and cervids from North America and the Palearctic are requisite and should include molecular level analyses.
In sheep, T. circumcincta is considered one of the most significant pathogens throughout the world (Levine 1980) . Generally, levels of intensity observed in domestic sheep are not attained in wild hosts (Nielsen and Neiland 1974) . There have been no records of disease attributable to this species in wild ruminants in North America.
Other species of ostertagiines also have been introduced with exotic bovids from Sub-Saharan Africa, India, and possibly South America and the Palearctic. In some cases the original source can no longer be determined; they are mentioned here because of the potential for cross-transmission to endemic North American bovids or to cattle and sheep. Camelostrongylus mentulatus is a pathogenic ostertagiine with a broad host range (camelids, bovids, and some cervids) and geographic distribution outside of North America. The exceptionally long and vermiculated spicules of the male are diagnostic for this ostertagiine (Gibbons and Khalil 1982) . In the United States it has been reported in blackbuck antelope and llamas, but currently is not considered a common or widespread parasite (Rickard and Bishop 1991) . This parasite, introduced into the United States (currently no records from Canada), is circulating in free-ranging herds of African bovids and llamas; there is considerable potential for dissemination to wild or domestic ruminants coinciding with transport of animals within North America. Thornton et al. (1973a,b) successfully infected sheep and goats with larvae of C. mentulatus from antelope; cattle were apparently refractory to infection. Parasitic gastritis, chronic emaciation, and death of the host may be the consequences of infection (see Rickard and Bishop 1991) .
Genus Longistrongylus LeRoux, 1931 Classification: Trichostrongyloidea:
Trichostrongylidae: Ostertagiinae. Longistrongylus curvispiculum (Gibbons, 1973 ) Gibbons, 1977 [Synonym: Bigalkenema curvispiculum Gibbons, 1973.] Species of Longistrongylus are parasites of bovids in the region of Sub-Saharan Africa (Gibbons 1977) . Currently, L. curvispiculum is established in freeranging herds of exotic bovids in Texas (Craig 1993) (Table 8 .14). Although species of Longistrongylus appear to be relatively host specific, there is the potential for cross-transmission to wild and domestic ruminants in North America. Disease associated with infections by species of Longistrongylus has not been reported.
Genus Trichostrongylus Looss, 1905
Trichostrongylidae: Trichostrongylinae. Maples and England, 1971 . Trichostrongylus longispicularis Gordon, 1933 . Trichostrongylus vitrinus Looss, 1905 . Trichostrongylus probolurus (Railliet, 1896 .
[Synonym: Strongylus probolurus Railliet, 1896.] Species of Trichostrongylus are parasites of either the abomasum or the small intestine and generally are uncommon. These are the smallest of the trichostrongylid nematodes that will be encountered as adult worms in bovid and cervid hosts. At the generic level, adults are readily identified by the prominent notch in the cuticle at the level of the excretory pore. In North America, these are the only trichostrongylids in which the synlophe is absent (Gibbons and Khalil 1982) . Levine (1980) , Maples and England (1971) , and Pursglove et al. (1974) provide important diagnostic information at the species level.
The life cycle for trichostrongylines is direct, but there is no information for species such as T. askivali or T. dosteri, which are typical parasites of deer (Prestwood and Pursglove 1981). In T. axei and T. colubriformis, the third-stage infective larvae develop within 7-9 days under optimum conditions of temperature and moisture. Following ingestion of infective larvae, the prepatent period is -15-23 days; patency extends up to 15 months for T. axei (see Levine 1980) . Current evidence suggests that arrested development of the thirdor early fourth-stage larva is of limited significance among Trichostrongylus spp.
Prevalence and intensity of infection are generally low and usually appear to be under the threshold where disease might be expected. In cattle, usually in excess of 100,000 worms (single species infections) or 10,000 worms (multispecies infections) are required to produce clinical disease (Table 8 . 15 and 8.16 ). In these instances, infections can be associated with weight loss, general weakness, inappetence, and watery diarrhea and occasionally can lead to mortality of the host. Lesions have not been described in wild bovids or cervids but may be expected to resemble those typical of trichostrongylosis in cattle. In heavy infections, there may be hyperemia of the abomasum and the development of whitish, necrotic plaques (Levine 1980 Becklund, 1965 . Nematodirus odocoilei Becklund and Walker, 1967. [Synonym: records of N. filicollis in Odocoileus spp. may represent this species according to Becklund and Walker (1967a) .] Nematodirus oiratianus Raevskaia, 1929 . [Synonyms: N. lanceolatus Ault, 1944 . Lichtenfels and Pilitt (1983a consider all North American records referable to the subspecies N. oiratianus interruptus; however, not all specimens were examined so some records of this species are equivocal.] Nematodirus oiratianus interruptus Lichtenfels and Pilitt, 1983. [Synonyms: North American records of N. oiratianus Raevskaia, 1929; N. lanceolatus Ault, 1944.] Nematodirus spathiger (Railliet, 1896 Hadwen, 1922. [Synonyms: N. skrjabini Mizkewitsch, 1929 ? Dikmans (1936 listed this species as a synonym of N. tarandi; however, Skrjabin et al. (1954) considered it distinct, but with N. tarandi referable to the genus
Nematodirella.]
The genus Nematodirus is a speciose group that includes nematodes characteristic of either bovid or cervid hosts across the Holarctic (Kulmamatov 1974) . There are in excess of 40 valid species, with 13 or 14 being found in wild ruminants from North America. These are among the largest of the trichostrongyloids in the small intestine (rarely abomasum) of bovids and cervids. They usually are recognized by the prominent cephalic vesicle, long, filiform spicules, a large copulatory bursa in the male, and large eggs, generally near 200 11m in length. The synlophe and the spicule tips and bursa are diagnostic characters for distinguishing among the species. Lichtenfels and Pilitt (1983a) provided keys for species occurring primarily in domesticated hosts; additional pertinent information on sylvatic species can be found in , Hoberg et al. (1989) , Rickard and Lichtenfels (1989) , and Durette-Desset and Samuel (1989 Samuel ( , 1992 . Infective third-stage and parasitic larvae can be recognized based on characters of the tail (Fruetel and Lankester 1989) .
Consistent with other trichostrongyloids, the life cycle is direct; however, development to the infective third larval stage occurs entirely within the egg. Development time is from 3--4 weeks at optimum temperatures for N. filicollis. N. spathiger, and N. battus; following ingestion, the minimum prepatent period is 2-3 weeks (Kates and Turner 1955; Thomas 1959) . Epizootiological patterns for these species in the Pacific Northwest have been investigated by ; data for other species are lacking.
Eggs and larvae are resistant to desiccation and low temperature, and overwinter survival has been documented. A limiting factor may be maximum temperatures attained in the summer, as larvae are intolerant to high temperatures. Transmission to the definitive host may have a marked seasonality and, in part, is mediated by precipitation and temperature (Marquardt et al. 1959; Gibson and Everett 1976, 1981; . Seasonally defined peaks of larval abundance are typical for Nematodirus spp. (e.g., . Thus, for some species in particularly harsh environments there may be only a single parasitic generation per year. This epizootiological picture would strongly influence the patterns of geographic and host distribution and the potential for disease associated with infections of Nematodirus spp.
Each species of Nematodirus has a well-defined host spectrum, such that species are usually limited in distribution to either cervids or bovids ). Levels of prevalence and intensity vary according to the host, parasite, and geographic locality. For example in Odocoileus spp., the characteristic N. odocoilei has a widespread geographic range coinciding with its hosts. Prevalence generally ranges from 10%-20% with a maximum of 60% reported; intensity usually does not exceed several hundred worms Forrester 1992) . The maximum reported from one white-tailed deer was near 18,000, but was considered to be exceptional ). Species of Nematodirus are abundant in wild sheep, with 100% prevalence and a maximum of 70-6000 adult worms and 3000 larvae reported (Kistner et al. 1977) . These levels of infection would not be atypical across the range of bighorn sheep (Becklund and Senger 1967; Uhazy and Holmes 1971) ; comparable levels have been documented for Dall's sheep in Alaska (Nielsen and Neiland 1974) . These levels are considered to be below that where substantial disease might be observed, but in a synergistic manner could become significant in the presence of other strongyles and malnutrition (Becklund and Senger 1967) .
Among nematodirines, overlap in the faunas of domestic and sylvatic hosts are related to the sharing of parasites characteristic of cattle and sheep (N. .filicollis, N. spathiger, N. abnormalis and N. helvetianus) (Table  8 .1). Generally, a degree of host specificity is observed for those species found either in wild bovids (e.g., N. becklundi and N. maculosus in mountain goat and N. andersoni in Dall's and bighorn sheep) or cervids (e.g., N. odocoilei in deer) (Tables 8.1, 8.5, 8.6, 8.10, and 8.11 ). None of these species has been reported in domestic ruminants. Although the recently introduced and highly pathogenic N. battus has so far only been reported from sheep, cattle, and llamas in North America, there is some expectation that it could successfully parasitize such endemic cervids as deer or elk (Hoberg et al. 1986; Hoberg 1997) .
Genus Nematodirella Yorke and Maplestone, 1926 Classification: Trichostrongyloidea: Molineidae:
Nematodirinae. Nematodirella alcidis (Dikmans, 1935). [Synonym: N. longispiculata alcidis Dikmans, 1935 .] Nematodirella antilocaprae (Price, 1927 ). [Synonyms: N. antilocaprae Price, 1927 N. longispiculata amilocaprae Dikmans, 1935 ; Nematodirella longissimespiculata antilocaprae of Skrjabin and Shikhobalova, 1952 .J Nematodirella gazelli (Sokolova, 1948 ). [Synonym: N. longispiculata gazelli Sokolova, 1948 .] Nematodirella longissimespiculata (Romanovich, 1915) . [Synonyms: Microcephalus longissime spiculatus Romanovich, 1915; N. longi5piculata Yorke and Maplestone, 1926; N. longispiculata longispiculata Dikmans, 1935; N. longissimespiculata longissimespiculata Skrjabin and Skhikobalova, 1952.] Systematics and taxonomy for this genus have been reviewed by Lichtenfels and Pilitt (l983b) . Similar to Nematodirus, specimens of Nematodirella spp. are large strongyles generally from 10--40 mm in length.
Males are characterized by exceptionally long spicules, in excess of 4 mm (maximum over 12 mm in N. gazelli). The structure of the synlophe is diagnostic for males and females of the five Holarctic species; four species are known in wild ruminants from North America. Eggs are generally > 240 !lm in length; among infective, ensheathed larvae the caudal structure is diagnostic for some species (Fruetel and Lankester 1989) .
These are typically parasites of the small intestine in cervids and bovids at high boreal to arctic latitudes across the Northern Hemisphere. Some species such as N. alcidis in moose appear to be largely host specific; in contrast, N. antilocaprae is known from mule deer, elk, and pronghorn. Additionally, N. alcidis is one of the few trichostrongyloids that is commonly found in moose throughout North America. Records of Nematodirella spp. from domestic hosts are exceptional.
Life cycles for species of Nematodirella currently are unknown, but likely are similar to those documented for Nematodirus. Detailed information for prevalence and intensity of infection generally are not available or are based on small, host sample sizes. For N. alcidis, Stock and Barrett (1983) reported 52% prevalence and intensity ranging from I to 250 among 140 moose in Alberta; I % of 186 elk were infected. There is no direct evidence of pathogenesis associated with infections of Nematodirella spp., and intensity and prevalence appear to be typically low.
STRONGYLATE
FAUNA: A GENERAL OVERVIEW. Strongylate nematodes are common parasites in wild ruminants from North America. Numerical diversity ranges from a maximum of 28 species in Odocoileus virginianus to a minimum of 8 reported from Alces alces; the mean is 15 species per host ). The range in species richness may in part reflect the degree of sampling effort and geographic distribution, particularly with the historical emphasis on parasitological studies of Odocoileus spp. This situation is likely to be more complex, however, as very few parasites are known from moose even though relatively large samples have been examined in some areas (Anderson and Lankester 1974) . For example, Bergstrom (l975a) did not find Marshallagia in 60 moose from Montana; Spencer and Chatelain (1953) mention no parasites from moose in the Kenai Peninsula of Alaska; Stock and Barrett (1983) examined 140 moose from southeastern Alberta and found 3 species of strongyles; and C. A. Nielsen (unpublished) found 2 species in 25 moose from Alaska (Table 8. 
8).
This numerical diversity emphasizes the influence of host specificity (e.g., Spiculopteragia and Mazamastrongylus in Cervus spp. and Odocoileus spp., respectively) and apparent geographic limitations on the distribution of the relatively characteristic faunas associated with each host (e.g., Prestwood et al. 1975 ) ). The importance of specificity, however, is variable, and in some instances the absence of this phenomenon accounts for the extensive host range documented for some strongyles (e.g., Suarez and Cabaret 1991) (Table 8 .1). Consequently, the faunas in wild ruminants are only partially segregated from those in domesticated sheep and cattle (Baker et al. 1957) , but a relatively low percentage of the entire fauna is shared among these host groups. For example, cattle and sheep are the general source of infections by Haemonchus spp., O. ostertagi, Trichostrongylus spp., N. filicollis, N. spathiger, N. helvetianus, and Cooperia spp. in wild hosts; there is some suggestion based on high prevalence and intensity that circulation of H. contortus in white-tailed deer may not require cattle (see Forrester 1992) . In contrast, M. marshalli, O. bisonis, O. leptospicularis. P. bullosa, N. oiratianus interruptus, and O. venulosum may be maintained primarily in wild bovids or cervids. These, along with T. circumcincta, would be expected on common range shared by wild and domesticated ruminants; however, "T. circumcincta" in wild bovids may represent an extensive complex of cryptic species which will further complicate our understanding of host distribution. A notable example of broad susceptibility to parasitism is seen in the infections of strongyles recorded in translocated muskoxen in contact with either domestic, semidomestic, or other sylvatic hosts (Alendal and Helle 1983) .
On a worldwide basis, a comparison of the helminth faunas in a number of wild ruminants indicates that cross-transmission to domestic hosts may, in fact, be common (Dunn 1969) . In most instances, however, helminth parasites of wild animals to which domestic stock are exposed appear to be of low pathogenicity. As a result, wild ruminants appear to be more likely to suffer from the effects of endoparasitism than do domestic cattle, sheep, and goats in areas of common grazing. For example, morbidity and mortality in captive and wild herds of muskoxen in contact with helminths derived from domestic hosts is documented (MacDonald et al. 1976; Alendal and Helle 1983) . In general, it appears that in most free-ranging conditions, wild ruminants do not generally playa significant role in the spread or maintenance of helminth infections in domestic stock (Semenova 1984) ; one exception may be O. leptospicularis circulating among cervids, cattle, and sheep (Borgsteede 1982) .
In some cases, significant disease may be associated with parasitism in an atypical host, such as that reported for O. bisonis in cattle, O. ostertagi in deer, or M. marshalli in domestic sheep (Worley and Sharman 1966; Oripov 1970; Conti and Howerth 1987) . Additionally, it is possible that species currently recognized only as parasites of exotic and introduced bovids and cervids (Tables 8.13 and 8.14) may be capable of infecting both wild and domestic ruminants in North America.
Although cross-transmission of strongyles between host species does not appear to be a common occurrence in North America (Table 8 .1), the basic biology associated with development and transmission of the various species of parasitic nematodes is similar (Govorka et al. 1988) . For example, arrested development, as a mechanism for survival during periods of unfavorable environmental conditions, is a common phenomenon for many abomasal nematodes infecting domestic ruminants (Gibbs and Herd 1986; Williams 1986 ). Nematodes such as Mazamastrongylus and other ostertagiines that infect white-tailed deer also appear to undergo similar developmental changes as an integral part of their transmission. The seasonal timing of inhibition generally coincides with that of related genera and species in bovine hosts ). In contrast, Halvorsen (1986) suggested that larval inhibition may not be critical in the transmission and survival of gastrointestinal strongyles in reindeer that exist in harsh winter environments of the Arctic.
Management strategies for most game species are constantly being modified or are subject to local custom or national and international jurisdiction (e.g., Gunn 1982; Klein 1996) . Such strategies as translocation and reintroduction can be expected to directly influence the distribution of parasites and the potential for disease (Hoberg 1997; Hoberg et al. 1999) . Likewise, changes in associations between wild species and humans, domestic species, and introduced or farmed exotic ruminants may also alter the significance for a diversity of parasitic organisms (Haigh 1996) . Consequently, we are now making significant observations related to the importance of gastrointestinal parasites of wild mammals and are beginning to determine that many species may be important contributors to the health of their mammalian hosts. Some specific examples of the significance of parasitism can be derived from the studies conducted on white-tailed deer.
MANAGEMENT IMPLICATIONS: MORBIDITY AND MORTALITY. The best documented parasite fauna among North American ruminants is that found in white-tailed deer (Table 8 .11). In North America, Odocoileus virginianus is perhaps the most abundant species of ruminant, and one that has shown a remarkable ability to adapt to changing or modified habitats within its potential range. Although information documenting the occurrence of gastrointestinal strongyles is notable, it is important to recall that parasites are not equal in their pathogenic potential. Consequently, it is offundamental importance not only to identify the specific organism(s) present, but also to determine the approximate intensity of infection. Clinical signs such as weight loss, diarrhea, anorexia, anemia, and poor pelage can be indicative of, or associated with, endoparasitism in both domestic and wild ruminants. Other health problems, however, including malnutrition, toxicities, concurrent hemoparasitic infections, and numerous infectious diseases can lead to similar clinical signs. Thus, in investigations of endoparasitic infections in wild species, we are not always able to unequivocally determine the role of a variety of factors or disease agents that have influenced the range of observed clinical signs. As a result, we are often limited in our ability to make precise statements related to the parasite fauna and its direct association with morbidity and mortality.
Veterinary medicine has made some contributions in this area, particularly for the range of nematode species that may be found in the abomasum (Tables 8.15 and 8 .16: modified from Jordan and Stair 1983) . For example, infection with 5000 to 9000 H. contortus is reported to result in notable morbidity in calves < I year of age; infections > 10,000 result in mortality. Among other genera the numbers of adult nematodes needed to produce mortality in calves of a similar age range from > 140,000 for Trichostrongylus and 12,000-15,000 for O. ostertagi (in Type II ostertagiasis). Synergistic effects between species of strongyles may result in morbidity at lower levels of intensity (Table 8 .16).
Experimental and/or field data for clinical effects of strongyles in wild ruminants has been limited (e.g., Johnston et al. 1984) but is available for parasites such as H. contortus. For example, a naturally infected and malnourished deer was found to have 16,540 adult H. contortus (Prestwood and Kellogg 1971) ; additional mortality was seen in deer with average worm burdens of> 1000 H. contortus (Prestwood et al. 1973) . A general guideline has been proposed where 75 adults of H. contortus per kg body weight is the level of infection where clinical signs become apparent (Foreyt and Trainer 1970; McGhee et al. 1981) . These studies are consistent with those in domestic animals where 500-> I000 adults of H. contortus are considered pathogenic (Herlich 1962; Anderson et al. 1966; Jordan and Stair 1983) . Thus, it appears that in some cases extrapolation of values from domestic hosts to wild ruminants may be valid.
We emphasize that the values for intensity of infection and their linkage to pathogenicity must not be overinterpreted, and it is vital not to focus on a particular numerical range as being of significance in the etiology of disease. We suggest this due to the array of factors that may influence the interaction between hosts and parasites, including different species of nematodes, host species, weight, age, immune status, nutritional plain, and environmental setting (e.g., ambient temperatures, availability of water and forage). Consequently, although these values may serve as rough baselines, each situation and species of bovid or cervid must be evaluated independently. In the absence of controlled studies with specific species of parasites in wild ruminants, cautious extrapolation from domestic stock may represent the only source of information on pathogenicity; these data must be interpreted in a conservative manner. Additionally, as addressed in the subsequent section, the subclinical effects of parasitism, specifically at the level of host population, must also be recognized.
An extension of studies of gastrointestinal nematodes, particularly in white-tailed deer, was the development of the "abomasal parasite count" or APC (Eve and Kellogg 1977) . In the southeastern United States wildlife biologists have employed this method to correlate the intensity of infection by abomasal parasites with the local population density of deer. This was accomplished by comparing the APC with an independent rating of deer density relative to the carrying capacity of the habitat (Eve and Kellogg 1977) . Using a graded scale correlating these factors, APCs were used to assist in management decisions related to manipulation of population density for deer. Specifically, management was tied to enhancing nutrition and natural immunity while reducing environmental contamination and minimizing the potential for transmission of parasites and related density-dependent disease conditions (Eve 1981) . This procedure has been employed with mixed success in the southeastern United States, and its application to other regions has been problematic due to seasonal fluctuations in the abundance of parasites (Demarias et al. 1983; Waid et al. 1985) . In Norway, Bye (1987) postulated an association linking poor physical condition, high population density, and highintensity infections by ostertagiine nematodes in reindeer. Thus, it appears that variation in seasonal prevalence and abundance and other factors should be considered in the application and validity of the APe.
PARASITES AND HOST POPULATIONS: THEO-RETICAL ISSUES. The potential for interaction of the sylvatic and domestic fauna is important in evaluating the potential for disease attributable to gastrointestinal strongyles. Of additional and critical importance is consideration of the synergistic interactions of parasites and habitat. Rather than pathogenesis and mortality, associated with exceptional or monospecific infections (e.g., haemonchiasis and ostertagiasis in deer: Conti and Howerth 1987; Forrester 1992) , it may be the cumulative effects of mixed species that induce disease or reduce performance (e.g., Bye and Halvorsen 1983) . The subclinical effects of strongyle infections and impairment of gastrointestinal function have been documented in domestic sheep (Sykes 1978; Coop and Angus 1981) , and it would be expected that these observations represent a generality among wild and domestic ruminants. Additionally, in circumstances of a high prevalence of infection such as those reported for reindeer, strongyles may be important as a determinant of population dynamics of the host (Bye and Halvorsen 1983; Halvorsen 1986) .
A dynamic linkage between hosts, parasites, and habitat stability related to density-dependent effects of parasitism by gastrointestinal nematodes was postulated by Grenfell (1988 Grenfell ( , 1992 . In these instances, parasites may influence plant-host interactions by regulation of host population density. Feedback mechanisms would exist where increasing intensity of parasitism would be expected with increasing host density (e.g., Eve and Kellogg 1977; Bye 1987; Arneberg et al. 1996) ; high levels of parasitism lead to reduced food intake and reduced impact on habitat (Grenfell 1992) . Empirical support for this contention derives from observations of depression of food intake in R. tarandus related to the intensity of infection by gastrointestinal nematodes . This can be linked in a density-dependent manner to mortality and future fecundity within the host population. For example, reindeer calves reared in high-density areas are lighter than those from comparatively underpopulated regions, an observation previously emphasized solely for food availability (Skogland 1990 ). Thus, infections of high intensity by ostertagiines in the abomasum can lead to reduced food intake and efficiency and can eventually influence growth in calves; such effects could be pronounced during lactation (Bye 1987) . Eventual impacts on host demography and the potential for limitation in the growth of the host population would be predicted (Anderson 1980; Bye 1987) . Reduced foraging activity also may result in altered patterns of exposure that influence transmission of parasites to hosts. Ultimately a reduction in food intake may constitute a constraint on parasite abundance in individuals and in host populations.
Parasites can exacerbate the effects of malnutrition and food availability, which is indicative of the complex association linking herbivores, nematodes, foraging dynamics, and habitat stability (Grenfell 1992; Arneberg et al. 1996) . This association has been demonstrated in studies of parasitism in caribou and in feral populations of the Soay sheep (Bye 1987; Gulland 1992; Arneberg et al. 1996) . The synergism of food shortage and immunosuppression may result in pathogenic infections resulting in host mortality (Gulland 1992) . Obvious implications are evident with respect to the effects of subclinical and clinical parasitism among a diversity of sylvatic ruminants. Thus, it is necessary to also consider the importance of aggregation of parasite populations and the distribution of parasites in natural host populations (e.g., Shaw and Dobson 1995; Hudson and Dobson 1995) rather than focusing on disease in individual animals.
CONSERVATION BIOLOGY, GLOBAL CHANGE, AND PARASITISM. Human activities constitute a major control on the distribution and dissemination of helminth parasites and other pathogens (Vitousek et al. 1996; Hoberg 1997; Hoberg et al. 1999) . The cosmopolitan ranges for many strongyles have largely resulted from the breakdown of isolating mechanisms or ecological barriers. Thus, alteration of historical associations through ecological disruption and long-range translocation will figure prominently in the continued emergence of pathogenic nematode parasites (Dobson and May 1986a,b; Scott 1988; Woodford and Rossiter 1994; Hoberg 1997; Daszek et al. 2000) .
Translocation and introduction exposes indigenous wildlife to new disease organisms and concomitantly can expose introduced animals to novel pathogens. Rapid and long distance transport, introduction and maintenance of domesticated stock, or establishment of free-ranging or captive herds on small reserves can be important factors in the dissemination and amplification of pathogenic nematodes and other parasites (Dobson and May 1986b; Haigh 1996; Daszek et al. 2000) . Woodford and Rossiter (1994) outlined protocols for minimization of risk by screening and intervention related to management practices for wild hosts. Careful planning, site selection (e.g., physical, ecological, presence of alternative hosts), quarantine, screening, and monitoring are requisite to controlling the introduction of potential pathogens (Haigh 1996) . Development of comprehensive databases on host and geographic distribution of strongyles and other infectious agents can lead to a predictive framework that can be used as the basis for prevention (e.g., current development of a database for nematode parasites of Holarctic bovids and cervids) (E.P. Hoberg, unpublished) . In conjunction with modern systematics to elucidate aspects of host-parasite evolutionary history, these become powerful tools in limiting the potential impacts of pathogenic nematodes (Hoberg 1997) .
Baseline information on host behavior and ecology also aid in the control process. For example, Syroechkovskii (1995) identified the role of long-range migrations by reindeer and caribou as important determinants on the distribution of pathogens. Grazing and foraging behavior are also important factors to consider with respect to how different species of ruminants may be exposed to infection by parasites with direct life cycles. Habitat use inf1uences prevalence and intensity, particularly in situations where animals are confined. There is an expectation of pathogenicity due to nematodes in hosts in relatively restricted conservation areas where the effects of crowding, concentration at waterholes, malnutrition, and heavy range exploitation (often in conjunction with domestic hosts) may be observed. A shift from the use of optimal to suboptimal forage or habitats may expose animals to parasitism; for example, a shift from a browsing to a grazing behavior. There is also a particular concern about the impact of host density in natural conservation reserves where transmission of parasites may be enhanced (Dobson and May 1986a,b; Scott 1988; Aguirre and Starkey 1994) .
Only recently has the synergistic inf1uence of anthropogenic and climatologically driven global change been discussed with reference to helminths and other parasites (e.g., Dobson and Carper 1992) . Peters (1992) addressed a range of biotic responses to climate change (increase in global temperature), including alteration of habitat, and latitudinal shifts in distribution and abundance of plants and animals. For host-parasite systems in temperate regions, Dobson and Carper (1992) postulated that increasing temperatures and desiccation could limit the distribution of some parasites. Epizootiological patterns would be altered, possibly leading to reduced levels of parasitism or to the wider dissemination of species tolerant of higher ambient temperatures. Alternatively, the response of hosts to pathogens would also be modified (Dobson and Carper 1992) where (I) increased stress can change the degree of susceptibility to parasitism and parasite-induced mortality (Esch et al. 1975) ; (2) changes in host and parasite distribution can lead to overlapping ranges and increased host-switching; and (3) broader dissemination of some pathogens would be expected. In the Arctic and subarctic, however, changes may be particularly pronounced and radically different from those in boreal regions. At high latitudes, climatological changes and impacts may lead to (1) latitudinal shifts in geographic ranges; (2) extension of the growth season, with earlier springs, and a broadened window for transmission; (3) reduction in developmental times linked to higher temperatures; (4) decrease in generation times; (5) increase in rates of transmission, larval survival, and availability; and (6) increases in prevalence and intensity for some parasites.
The potential for amplification of parasite populations and emergence of subclinical or clinical effects is dependent on the degree to which ambient environmental and ecological conditions are limiting factors of parasite abundance in Arctic host-parasite systems. Genetics of Teladorsagia boreoarcticus are compatible with a small effective population in muskox and caribou from the central Canadian Arctic. Constraints on parasite abundance may result from small and dispersed host populations (particularly for muskox), ephemeral reservoirs of infective larvae, and a combination of limiting physical and environmental factors acting synergistically to define seasonal windows for transmission (Hoberg et al. 1999) . Further, mechanisms controlling the population dynamics for such species as Marshallagia man'haW and Ostertagia gruehneri are complex; the intrinsic environment within the host may be most significant for the former, whereas extrinsic abiotic factors may limit the latter Irvine et al. 2000) . Abundance and transmission also are affected by where and how populations of nematodes are sequestered during the winter, whether as adults and arrested larvae in ruminant hosts or as infective larvae in the external environment (Irvine et al. 2000) . Such shifts in parasite abundance and patterns of transmission could have an impact on populations of large ruminants that serve as the primary food resources of native and subsistence cultures in the Arctic (Hoberg 1997 ) and other regions. The linkage of anthropogenic and climatological global change must be recognized in future management plans for wild ruminants in North America and throughout the world.
STRONGYLES, SYSTEMATICS, AND RUMI-
NANT HOSTS: A SYNTHESIS. Strongylate nematodes are significant components of global biodiversity and can represent potential and real threats to economically important wild and domestic ruminants. The North American strongylate fauna is a relatively diverse assemblage distributed among both wild and domestic hosts. These parasites are ubiquitous and have characteristic relationships, host and geographic distributions, and predictable life cycles and patterns of transmission. Documentation of parasite biodiversity through survey and inventory is the first step in defining the relationships of endemic and introduced faunas in ruminants. Systematics provides the foundation for elucidating the phylogenetic, coevolutionary, and biogeographic history of host-parasite assemblages (Brooks and Hoberg 2000) . This historical database constitutes the predictive framework for recognizing contemporary interactions with naive-host groups, and the behavior of parasites introduced into new geographic and ecological settings. This information, in conjunction with ongoing research, which examines pathogenesis of strongyles in individual hosts and host populations, will become increasingly important with the escalation of environmental change across a diversity of ecosystems. An understanding of pathogenic parasites such as the strongylate nematodes characteristic of ruminants will remain critical within the context of wildlife biology, conservation, and the management of recovering, threatened, or endangered species. 
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